A novel species of the genus Actinoplanes, strain T , for which we propose the name Actinoplanes lichenis sp. nov., was isolated from a lichen sample collected from tree bark in Thailand. The taxonomic position of the species has been described based on a polyphasic approach. Strain LDG1-22 T produced irregular sporangia on agar media. It contained mesodiaminopimelic acid in the cell-wall peptidoglycan. The genus Actinoplanes, which belongs to the family Micromonosporaceae, was first described by Couch (1950) . Members of this genus can be differentiated from other related genera in the family Micromonosporaceae by considering phenotypic characteristics, especially the formation of sporangia as well as the presence of motile spores and from chemotaxonomic characteristics, including 16S rRNA gene sequence-based phylogenetic clustering (Vobis et al., 2012). As with most actinomycetes, strains of species of the genus Actinoplanes are widely distributed in soils from various environments around the world (Couch, 1963; Parenti & Coronelli, 1979; Vobis et al., 2012) . At the time of writing, the genus Actinoplanes comprises 39 species with validly published names (Parte, 2014). Some antibiotics have been shown to be produced by strains of species of Actinoplanes such as lipiarmycin (anti Gram-positive bacteria activity), teicoplanin (inhibits cell wall synthesis of Gram-positive bacteria) and friulimicin (has peptidoglycan synthesis inhibiting activity) from Actinoplanes deccanensis, Actinoplanes teichomyceticus and Actinoplanes friuliensis, respectively (Aretz et al., 2000; Coronelli et al., 1975; Somma et al., 1984) .
The genus Actinoplanes, which belongs to the family Micromonosporaceae, was first described by Couch (1950) . Members of this genus can be differentiated from other related genera in the family Micromonosporaceae by considering phenotypic characteristics, especially the formation of sporangia as well as the presence of motile spores and from chemotaxonomic characteristics, including 16S rRNA gene sequence-based phylogenetic clustering (Vobis et al., 2012) . As with most actinomycetes, strains of species of the genus Actinoplanes are widely distributed in soils from various environments around the world (Couch, 1963; Parenti & Coronelli, 1979; Vobis et al., 2012) . At the time of writing, the genus Actinoplanes comprises 39 species with validly published names (Parte, 2014) . Some antibiotics have been shown to be produced by strains of species of Actinoplanes such as lipiarmycin (anti Gram-positive bacteria activity), teicoplanin (inhibits cell wall synthesis of Gram-positive bacteria) and friulimicin (has peptidoglycan synthesis inhibiting activity) from Actinoplanes deccanensis, Actinoplanes teichomyceticus and Actinoplanes friuliensis, respectively (Aretz et al., 2000; Coronelli et al., 1975; Somma et al., 1984) .
We have attempted to find a novel source, other than terrestrial soils, for isolating novel actinomycetes. Recent studies have described the isolation of different species of actinomycete from lichen, such as Actinomycetospora iriomotensis (Yamamura et al., 2011a) , Actinomycetospora rishiriensis (Yamamura et al., 2011b) and Nocardioides exalbidus (Li et al., 2007) . In the course of our investigation into the diversity of actinomycetes in Thailand, we obtained strain T from lichen Flavoparmelia sp. collected from Mahasarakham Province, Thailand. Here, a polyphasic approach was used to determine the taxonomic position of this novel species.
Lichen samples, Flavoparmelia sp., were collected from the bark of Buchanania latifolia Roxb. in Mahasarakham Province (168 199 229 9N 1038 179 480 E), Thailand. A sample (1 g) was added to basic-lauryl sulfate solution to make a 10-fold dilution, with 0.1 ml of the resultant solution spread on humic acid vitamin agar (Hayakawa & Nonomura, 1987) supplemented with nalidixic acid (25 mg ml
21
) and cycloheximide (50 mg ml 21 ) and then incubated at 30 8C for up to 21 days. The strain LDG1-22
T colony was collected from the isolated plate and maintained on ISP 2 medium (Difco). For long-term preservation the strain was preserved using a freeze-drying technique.
Cultural characteristics were studied based on various International Streptomyces Project media (ISP media) (Shirling & Gottlieb, 1966) , yeast-starch agar, nutrient agar and R2A agar. Colours of colonies, reverse phase colony colours and soluble pigments were determined using the Colour Harmony Manual (Taylor et al., 1958) . Morphology of sporangia was determined using a scanning electron microscope (JEOL; JSM-7610F). To observe the motility of spores, the strain was grown on ISP4 medium (28 8C, 30 days) and was flooded with releasing solution (Matsumoto et al., 2000) . Starch hydrolysis, skimmed milk peptonization and coagulation, gelatin liquefication, nitrate reduction and aesculin hydrolysis were determined based on standard methods (Arai, 1975; Gordon et al., 1974; Williams & Cross, 1971) . Utilization of carbon sources was observed using basal medium supplemented with after 1 % (w/v) each of the sugars to be tested (Shirling & Gottlieb, 1966) . The pH and temperature ranges for growth and the tolerance to NaCl were determined using ISP2 medium. All phenotypic properties were recorded after cultures had been grown at 28 8C for 14 days.
Freeze-dried cells for chemotaxonomic studies were obtained from cultures grown in glucose-yeast extract broth at 160 r.p.m. for 6 days. The standard TLC method was used to analyse the isomer of diaminopimelic acid and whole-cells sugar in whole-cell hydrolysates (Staneck & Roberts, 1974) . The presence of mycolic acid in cells was analysed based on the method of Tomiyasu (1982) . The N-acyl types of muramic acid were determined according to the method of Uchida & Aida (1984) . Cellular fatty acid methyl esters were prepared according to the method of Sasser (1990) and were analysed using gas chromatography based on the instructions of the Microbial Identification System (MIDI, Newark, Delaware, USA). Polar lipids were extracted and analysed using two-dimension TLC (Minnikin et al., 1984) . Isoprenoid quinones were extracted using the method of Collins et al. (1977) and were analysed by using liquid chromatography-mass spectrometry (LC-MS; JMS-T 100LP, JEOL) with a CAPCELL PAK C18 UG120 column (Shiseido).
Chromosomal DNA was prepared following the method of Saito & Miura (1963) . The 16S rRNA gene was amplified and sequenced as previously described by Inahashi et al. (2010) . The 16S rRNA gene sequence of strain LDG1-22 T was multiply aligned with selected sequences obtained from the GenBank/EMBL/DDBJ databases using CLUSTAL W version 1.81 (Thompson et al., 1994) in BioEdit software (Ibis Biosciences). Phylogenetic trees [neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981) ] were reconstructed using MEGA 6.0 (Tamura et al., 2013) . Evolutionary distances among strains of species of the genus Actinoplanes were evaluated based on Kimura's twoparameter method (Kimura, 1980) . The confidence values at nodes were evaluated using the bootstrap resampling method (Felsenstein, 1985) with 1000 replications. The mol% of G+C content of chromosomal DNA was determined following the method of Tamaoka & Komagata (1984) . DNA-DNA relatedness studies were clarified based on the microplate hybridization method (Ezaki et al., 1989) .
Strain LDG1-22
T grew well on ISP2, ISP3 and yeast-starch agar; grew moderately on ISP4, ISP5, ISP6, ISP7 and R2A media and grew poorly on nutrient agar. The colours of colonies on various media is summarized in Table S1 (available in the online Supplementary Material). Yellow pigment was observed on ISP2, ISP3, ISP4, ISP5, ISP6 and yeast-starch agar. The strain lacked aerial mycelia. Irregular sporangia could be observed when the culture was grown on humic acid vitamin agar and ISP4 medium at 28 8C for 21 days. The sporangia were 4.3 to 7.1 mm in size (Fig. 1) . Spore motility could be observed after the strain was flooded with releasing solution and incubated at 30 8C for 30 min. 
Actinoplanes tereljensis MN07-A0371 T (AB468944)
Actinoplanes toevensis MN07-A0368 T (AB468943)
Actinoplanes durhamensis IMSNU 22124 T (AJ277568)
Actinoplanes tropicalis LIPI11-2-Ac034 T (LC025525)
Actinoplanes ferrugineus IMSNU 22125 T (AJ277569)
Actinoplanes cibodasensis LIPI11-2-Ac042 T Chemotaxonomic studies revealed the strain contained meso-diaminopimelic acid in the cell-wall peptidoglycan, and contained ribose, glucose, mannose and small amounts of arabinose and xylose as whole-cell hydrolysates. Mycolic acid was absent. The acyl type of muramic acid was glycolyl. The major fatty acid of strain LDG1-22 T contained a complex mixture of straight-chain, branched-chain and unsaturated fatty acids as follows: anteiso-C 15 : 0 , iso-C 16 : 0 , C 16 : 0 , anteiso-C 17 : 0 , iso-C 14 : 0 , iso-C 15 : 0 , C 18 : 1 v9c, C 18 : 1 v8c, C 17 : 0 , C 18 : 0 and C 14 : 0 . The comparison of cellular fatty acids among strain LDG1-22 T and closely related species of the genus Actinoplanes is shown in Table 2 . The polar lipids of the strain consisted of diphosphatidylglycerol, phosphatidylethanolamine (phospholipid type II), phosphatidylinositol, phosphatidylinositol mannosides, phosphatidylglycerol and two unknown lipids (Fig. S1 ). The major menaquinones were MK-9(H 4 ) (82.6 %), MK-9(H 6 ) (13.0 %) and MK-9(H 2 ) (3.4 %). The DNA G+C content was 73.6 mol%.
The highest similarity of the 16S rRNA gene (1430nt) sequence to strain LDG1-22
T was 98.8 % with Actinoplanes friuliensis DSM 7358 T , and phylogenetic analyses revealed that strain LDG1-22
T was related to members of the genus Actinoplanes (Fig. 2) . The morphology, motility of spores, chemotaxonomy and phylogenetic analyses indicate that strain LDG1-22
T should be classified in the genus Actinoplanes. T showed the highest similarity, and A. nipponensis JCM 3264
T and A. missouriensis JCM 3121 T were the closest phylogenetically they were compared with strain LDG1-22 T . Strain LDG1-22 T showed several differential characteristics when compared to related species of the genus Actinoplanes. In particular they differed in terms of the colour of colonies on agar media, liquefication of gelatin, skimmed milk coagulation, nitrate reduction, tolerance to NaCl and utilization of carbon sources. The differential characteristics of strain T and three related species of the genus Actinoplanes are summarized in Table 1 and Table S1 . The DNA-DNA relatedness between strain LDG1-22 T and related strains showed low levels with A. missouriensis JCM 3121 T (18.1¡1.2 %), A. nipponensis JCM 3264 T (37.0¡0.7 %) and A. friuliensis DSM 45797 T (31.4¡1.9 %). These DNA-DNA relatedness values are all lower than the 70 % threshold recommended by Wayne et al. (1987) for assigning strains to the same species.
On the basis of these phenotypic and phylogenetic data and the DNA-DNA relatedness vaues, it is clear that strain T is distinct from species of the genus Actinoplanes with validly published names and should be considered as representing a novel species of the genus Actinoplanes for which the name Actinoplanes lichenis sp. nov. is proposed.
Description of Actinoplanes lichenis sp. nov.
Actinoplanes lichenis (N.L. masc. adj. lichenis pertaining to a lichen, the source from which the type strain was isolated.)
Gram-stain positive, aerobic, mesophilic filamentous actinomycete. The colony appears light amber on ISP2 and ISP6 media; bright orange on ISP3; melon yellow on ISP4, ISP5 and nutrient agar; light tan on ISP7 and yeast starch agar; pearl pink to light melon yellow on R2A medium. Yellow pigment is produced on ISP2, ISP3, ISP4, ISP5, ISP6 and yeaststarch media. Brown pigment is produced on ISP7 medium, but no pigment was observed on nutrient and R2A media. It grows well on ISP2, ISP3 and YS media; grows moderately on ISP4, ISP5, ISP6, ISP7 and R2A media and grows poorly on nutrient agar medium. Aerial mycelia are absent. The formation of irregular sporangia is produced on sporangiophores. The sporangia are 4.3 to 7.1 mm in size and have smooth surfaces. The temperature and pH range for growth are 16.5-38.0 uC (optimum 20-34 uC) and pH 5-9 (optimum pH 6-9), respectively. The maximum NaCl concentration tolerated is 3 % (w/v). It utilizes glucose, L-arabinose, cellobiose, D-mannitol, D-fructose, L-rhamnose, mannose and maltose. It utilizes raffinose, D-sorbitol and melibiose weakly, but not cellulose, dulcitol, or myo-inositol as the sole carbon source. Positive for starch hydrolysis and aesculin. Skimmed milk coagulation is negative. Nitrate is not reduced to nitrite. The cell wall peptidoglycan contains meso-diaminopimelic acid. The whole-cell hydrolysate contains ribose, glucose, mannose and a small amount of arabinose and xylose. The menaquinones are MK-9(H 4 ), MK-9(H 6 ) and MK-9(H 2 ). The major cellular fatty acids are anteiso-C 15 : 0 and iso-C 16 : 0 . The polar lipids are diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, phosphatidylinositol and phosphatidylinositol mannosides. Mycolic acids are absent. 
